Alongside the insects, the crustaceans and the arachnids (spiders, scorpions, mites), the myriapods are one of the four main clades of the Arthropoda. Myriapods are easily identified by their multisegmented trunk, supported by a number of legs generally comprising between 11 and 375 pairs. These numbers are usually higher, or much higher, than body segments and leg pairs in the other arthropod lineages, and are often variable within the species. Early representatives of the two main myriapod groups, the centipedes, or Chilopoda, and the millipedes, or Diplopoda, were among the first arthropods to move out of water, independent from the terrestrialization of early arachnids and insects. These arthropods thus represent important subjects for studies of the origin and evolution of body segmentation and of the morphological and functional adaptations that accompanied the water-to-land transition. However, no myriapod has the qualities of a good lab species -probably the main reason why this arthropod lineage has been much less intensively studied than insects, crustaceans and arachnids. However, recently, the pill millipede Glomeris marginata ( Figure 1A ) and the geophilomorph centipede Strigamia maritima ( Figure 1B) have emerged as candidate model species, especially from the point of view of the developmental genetics of segmentation. Their lineage, however, separated from the crustacean and insect lineage as remotely as the early Palaeozoic. It is thus to be expected that myriapods will reveal a mixture of genetic and functional solutions of their own, along with traits belonging to the common arthropodan stock. Indeed, a new study by Ariel D. Chipman et al. [1] now reveals such an unusual mixture of features in a centipede's genome.
In crude numerical terms, the S. maritima genome includes 14,992 nuclear genes, of which 1,095 have been manually annotated. One in three of these genes can be traced back to duplications specific to the myriapod lineage, piled up in the chromosomes since these arthropods diverged from the pancrustaceans (the largest arthropod clade including crustaceans plus the insects, which are currently regarded as an internal branch of the crustacean radiation). Functions enriched among these genes include those related to the catabolism of peptidoglycans, sodium transport, and the sensory perception of taste.
In other respects, the compact genome of Strigamia is quite conservative. It has undergone less gene loss and shuffling than previously sequenced arthropods, and contains many orthologues of genes conserved from the last common bilaterian ancestor that have been lost in insects. Gene order is also extensively conserved even with respect to remotely related animals, such as amphioxus and the cnidarian Nematostella vectensis (i.e., macrosynteny). For several gene families, e.g. the genes for protein kinases, S. maritima has also suffered the smallest number of losses among the arthropods. Remarkably, no genomic peculiarity has been discovered that can explain the animal's high and variable trunk segment number. Some segmentation genes (paired, evenskipped, odd-skipped, and hairy-like) are represented by multiple copies, but it is hard to speculate how this might translate into the animal's extensive body segmentation. The authors also stress the puzzling absence of the micro-RNA miR-125 which is found in almost all bilaterians and has a well-established function in the regulation of development of many species.
In contrast to segmentation, the Strigamia genome provides major new insights into adaptation to the terrestrial environment. In this respect, the Strigamia genome shows different solutions from insects to similar problems. The insect olfactory receptor gene family is absent from S. maritima, and olfaction in air is likely effected by expansion of other receptor gene families. For some genes, S. maritima has evolved paralogues to generate coding sequence diversity, in contrast to insects which use alternative splicing.
Together with the Polydesmida among the millipedes, the geophilomorph centipedes -to which Strigamia belongs -are a clade of uniformly blind myriapods. Both groups derive from eye-bearing ancestors, but their blindness has likely evolved in the remote past. This is strongly suggested by the genome of Strigamia, where no gene for known photosensory proteins has been found, even though the centipede still avoids light. Strigamia additionally lacks canonical circadian clock genes, but it is not clear whether any circadian periodicity is actually retained in the centipede's behavior.
It is perhaps disappointing that such a thorough study has not brought us closer to an understanding of the genetic control of body segmentation. Interest in myriapod segmentation had been growing for years within the evo-devo community. A worm-like geophilomorph centipede featured on the cover of the first issue of Evolution & Development, published in July/August 1999. At the time, research on the mechanics and evolution of arthropod segmentation were already a hot topic, but it was clear that the then fashionable models -Drosophila, Schistocerca, and Tribolium -should be supplemented by at least one representative of the myriapods, within which segment number is very diverse and often extensively variable at the individual level. Still better, myriapod segmental architecture combines two aspects that make the lineage specifically attractive to evo-devo aficionados. Variation in segment number indeed is combined in myriapods with strict and not easily explainable constraints. In centipedes, for example, the number of leg-bearing segments in the adult is always odd, as low as 15 or as high as 191. Fifteen years later, geophilomorph centipedes show up at the high table of the selected organisms with fully sequenced genomes. From a practical point of view, S. maritima, with its very long life cycle and the still unachieved target of its continuous breeding in the lab, is far from being an ideal model species. It is, however, invaluable to have at last one myriapod with a fully sequenced genome, together with a few dozen insects and some other arthropods -58 species in all, to the current count.
Despite the experimental hurdles mentioned above, S. maritima has become a favourite target of developmental biology, with important studies now covering its embryonic development [2] [3] [4] [5] and gene expression patterns [6, 7] . A striking homeotic mutant has even been recovered in the field [8] . When the species was nominated for sequencing, S. maritima was described as possibly 'non-typical' of myriapods because of its epimorphic development; that is, its trunk is completely segmented at the time of hatching. Within myriapods, however, the primitive condition is instead anamorphosis, that is, progressive addition of new segments at molts during post-embryonic development. With hindsight, the epimorphic nature of Strigamia was arguably immaterial. Could we eventually be able to identify in the centipede's sequence genomic signatures of its epimorphic nature? Unraveling the differences in developmental mechanics between epimorphosis and anamorphosis (in all its varieties [9] ), is much more a research topic (an overdue one) for the comparative developmental physiologist. The answer may lie in subtle differences in regulatory systems that we have little chance to identify by comparisons at the genomic level -not to mention the fact that no anamorphic myriapod has been sequenced to date. An anamorphic centipede (the house centipede Scutigera coleoptrata; Figure 1C ) and two millipedes (the soft-bodied pincushion millipede Polyxenus lagurus and the hard-cuticle, cylindrical Blaniulus guttulatus; Figure 1D ,E) feature among the nominees for genome sequencing. Let's hope that one or more of these projects will materialize before long; but it would be a missed opportunity, were preference not given, as a representative of the Diplopoda, to the pill millipede G. marginata, the only species for which a sizeable amount of research on the expression patterns of developmental genes have been performed, including a nice series of studies on segmentation [10] [11] [12] [13] .
The question is whether S. maritima can seriously be regarded as a model of the whole myriapod clade. Among the centipedes, the Geophilomorpha are a distinctly derived, specialized branch. In addition to the loss of the eyes, their long body formed by very numerous and nearly identical segments is a secondary feature. Phylogeny, based on molecules and morphology alike, fixes them as deriving from ancestors with only 15 leg-bearing segments, and a distinct alternation between longer and shorter ones. Thus, the long, worm-like Strigamia is not necessarily representative of basal, or generalized centipedes. Still less does it represent myriapods as a whole. The separation between centipedes and millipedes goes back in time further than the split between coelacanths and tetrapods. Centipedes were already around by the Upper Silurian, 419 MYA [14] , and Figure 1 . Myriapods, development, and genomes. Two of these myriapod species (A,B) have been quite extensively studied from the perspective of developmental genetics, one (B) has got its genome sequenced, and three (C-E) have been nominated for future sequencing efforts. The set includes three millipedes (A, Glomeris marginata; D, Polyxenus lagurus; E, Blaniulus guttulatus) and two centipedes (B, Strigamia maritima; C, Scutigera coleoptrata). (Photos: Wikimedia Commons.) body fossils of a very distinct centipede clade (Devonobiomorpha) are found at the Gilboa site near New York, dated 390 MYA (Middle Devonian), which suggest the contemporaneous existence of other lineages [15] ). A comparable chronology applies to millipedes [16] .
On the whole, this exemplary analysis of an arthropod genome provides interesting answers to questions that had not been anticipated when the species was nominated for sequencing, but has failed to find answers to questions one would have easily formulated before the study was initiated. Chipman et al.'s study is arguably the single most important advance towards understanding the genomic basis of sensory adaptations to terrestrial (and subterranean) life in any arthropod lineage. It has also provided important evidence to link the evolution of juvenile hormone signaling to the emergence of that key diagnostic trait of arthropods, the exoskeleton. This can be concluded even in the light of the still limited sample of arthropod taxa for which completely sequenced genomes are available. Other results, perhaps eventually of comparable importance, however, will only be understood when further genomes become available to allow meaningful comparisons.
Still, the darkest side of myriapod biology remains, with all its attractiveness -the question of segmentation, and its relationship with the epimorphic vs. anamorphic mode of post-embryonic development. Progress in this area is likely to derive more from a continuing dissection of the molecular control mechanisms of embryonic patterning than from additional sequenced genomes. Phenotypically major changes (in segment number and/or variation, and in developmental modus) within the myriapods may perhaps result from minor genetic and a fortiori minor genomic modifications [17] . But resolving this issue is at the moment a challenge for the future.
Multisensory contributions to perception are well studied, but their underlying brain mechanisms are poorly understood. A new study has exploited advances in fly optogenetics to pinpoint mechanisms that enhance responses to visual motion in the presence of ecologically relevant odors.
David C. O'Carroll
Odor is a rich source of information, but is notoriously difficult to localize. In the fad-prone cinema industry of the 1950s, patented systems like ''Smell-O-Vision'' and ''AromaRama'' attempted to enrich our cinema experience with elaborate mechanisms to release odors at key points in the plot to coincide with more easily localized visual and sound cues. Though never a mainstream success, such systems exploit a key principle of multisensory integration. In nature, sensory stimuli are rarely encountered alone, so cross-modal interactions provide a key to resolving ambiguities in any one modality. But precisely where and how this modulation occurs in the brain is much less well understood. A study published recently in Current Biology by Wasserman et al. [1] provides insight into this question from the vinegar fly, Drosophila melanogaster, which spends its day finding food or mates by navigating odor plumes.
The search for odor is coupled to powerful visual reflexes in insects [2] . Visual cues provide a fixed reference for zig-zagging search as the animal flies in and out of an
